
NEW INSIGHTS INTO THE STRUCTURE OF COAL AND COAL MACERALS. 
quist .  A. L. Beeler. and D. M. Grant ,  Departments of Fuels Engineering and Chemistry, 

University of Utah, Sa l t  Lake City, Utah 84112; 

The use of dipolar dephasing techniques has  been demonstrated as a very useful probe 
into the details  of the  carbon skeletal structure of whole coals and coal maceral groups 
The data thus obtained indicates tha t  Tp values observed i n  coals and coal macerals are 
comparable to those observed i n  model organic compounds w i t h  s imilar types of structural 
units. Hence, re la t ive  amounts of protonated and nonprotonated carbons can be obtained 
from detailed dipolar dephasing studies. These data also reveal the presence of a 
highly mobile phase i n  the a l ipha t ic  region of the spectra of low rank coals. A com- 
parison o f  the skeletal  structural  units i n  low rank coals, l ip t in i te .  v i t r i n i t e ,  and 
inertini  te maceral groups and variations within maceral groups separated by density 
gradient centrifugation techniques will be given. 

R .  J.  Pugmire, A .  Soder- 
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MACROMOLECULAR STRUCTURE AND COALIFICATION. J. W. Larsen, Dept. of Chemistry, 
Lehigh University, Bethlehem, PA 18015 

After having been proposed and ignored several times, the macromolecular gel 
structure of coals is gaining acceptance. 
work within which to discuss the coalification process. Indeed, if early results are 
general, major revisions in coalification models w i l l  be necessary. Between ca 78% C 
and 86% C, the cross-link densities of coals generally decrease. 
coalification is probably a depolymerization. 
weight distributions of pyridine extracts. 
place as coalification increases. It is possible that the depolymerization results in 
part from a loss of ether linkages during coalification. It is tempting to associate 
the increase in cross-link density above 88% C with bonds formed as a result of dehydro- 
genation. 
for coal structure. 

It provides a useful and enlightening frame- 

Over this range, 
This notion is supported by the molecular 

Above 88% C. a rapid polymerization takes 

Natural deoxygenation and dehydrogenation have very different consequences 

? 
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SOI4E STRUCTURAL CHARACTERISTICS OF AUSTRALIAN COALS. R. 6. Johns, T. V .  Verheyen, 
Chemistry School, University of Melbourne, Australia. 

Victorian brown coal occurs in five lithotypes. Pyrolysis-MS groups them into two 
sets, the resinous content distinguishing the darker from the lighter lithotypes. Chem- 
ically they vary between seams (the oldest being the most aliphatic), but the same 
chemical trends are shown within each lithotype profile. Even though seams differ and 
aromaticities by solid state I3C nmr can differ, IR spectral substraction routines be- 
tween lithotypes confirm the correlation between loss of carbonyl absorption and loss of 
aliphatic absorption. Humic acids fractionated from an aliphatic south Australian 
lignite qualitatively are similar in aliphatic components, but the most soluble humic 
acid in the profile is also the most aliphatic and is dominated by long chain structures. 
These aliphatic residues are bonded into this humic acid fraction. The light, in contrast 
to the dark lithotypes, show more degraded lignin phenolic components, consistent with 
gel ification in chemical terms, but at variance with petrographic assessments. The aro- 
matic residues are chemically involved in upgrading reactions of brown coals to techno- 
logically valuable low-moisture-content fuels. The chemistry o f  the lithotype and seam 
dependence o f  the upgrading procedures will be discussed. 

c 
I 
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ACTION OF PEROXY ACIDS ON COALS. Noman C. Deno. Chemistry Dept.. Pennsylvania 
S t a t e  Un ive r s i ty ,  Un ive r s i ty  Park,  PA 16802. 

Peroxyacet ic  a c i d  r e a c t s  with v i t r i n i t e  c o a l s  to open some of t h e  phenol ic  r i n g s  t o  
hexadienedioic  a c i d s  without  loss of carbon.  The product i s  so lub le  in methanol and 
l a r g e l y  s o l u b l e  in water .  There i s  no evidence f o r  any o t h e r  a c t i o n  from y i e l d s  and 
s p e c t r a ,  and the  view is supported by model s t u d i e s  on poly-p-vinylphenol. 

The a c t i o n  of t r i f l uo rope roxyace t i c  ac id  i s  more extensive.  The d i ene  d i a c i d s  a r e  
degraded so t h a t  t he  f i n a l  products  a r e  l a r g e l y  t h e  a l i p h a t i c  components a t t ached  t o  
ca rboxy l i c  o r  maleic a c i d  groups.  I s o l a t e d  methylenes do not survive.  The major 
products  a r e  o x i r a n e t r i  and t e t r aca rboxy l i c  a c i d s  der ived from phenol ic  a c i d s  and 
polyaromatic phenols,  benzenetetracarboxyl ic  a c i d s  from dihydroanthracene moiet ies .  
malonic ac id  of u n c e r t a i n  o r i g i n ,  a c e t i c  ac id  from arylmethyl ,  and methanol from 
arylmethoxy. Minor amounts of pyridine polyacids  i n d i c a t e  a c r i d i n e  precursors .  
S i g n i f i c a n t  amounts of products  a r e  no t  v o l a t i l e  and so t h e i r  methyl esters and t h e i r  
na tu re  has  not  been determined. A 

./ 

\ 
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USE OF AQUEOUS CATALYTIC PROCESSING FOR WATER-GAS SHIFT CONVERSION 

Douglas C. E l l i o t t  and L. John Sealock, J r .  

P a c i f i c  Northwest Laboratory* 
P.O. Box 999 

Richland, WA 99352 

INTRODUCTION 

The water-gas s h i f t  r e a c t i o n  invo lves the r e a c t i o n  o f  carbon monoxide and 
steam to produce hydrogen and carbon d iox ide  and de r i ved  i t s  name from i t s  indus- 
t r i a l  use t o  i nc rease  the hydrogen content  o f  water gas produced from the r e a c t i o n  
of steam w i t h  h o t  coke o r  coal. Current i n t e r e s t  i n  t h i s  r e a c t i o n  l i e s  i n  the  
t a i l o r i n g  o f  t he  hydrogen t o  carbon monoxide r a t i o  o f  gas streams employed f o r  
chemical synthesis. For example, product  gas from a t y p i c a l  coal  g a s i f i c a t i o n  
u n i t  may have an H2 t o  CO r a t i o  o f  approximately 1 t o  1 wh i le  the synthes is  gas 
composit ion r e q u i r e d  f o r  methanol product ion would have a r a t i o  o f  2 t o  1 and the 
r a t i o  f o r  methane synthes is  i s  3 t o  1. 

neous c a t a l y s t s  (1). S p e c i f i c a l l y ,  i r o n  oxide-chromium oxide c a t a l y s t s  have been 
used at  h igh  temperature (350 t o  450'C) and newer low temperature (20O-26O0C) 
copper-zinc ox ide c a t a l y s t s  have been developed f o r  secondary treatment o f  gas 
product streams. 
po isoning by c h l o r i n e  o r  s u l f u r  as we l l  as deac t i va t i on  due t o  s in te r i ng .  
recen t  s tud ies  o f  homogeneous c a t a l y s t s  f o r  the water-gas s h i f t  r e a c t i o n  have 
d e a l t  p r i m a r i l y  w i t h  organometa l l ics  (2,3). 

The use o f  a h igh-pressure water system f o r  the water-gas s h i f t  r e a c t i o n  was 
f i r s t  proposed by Casale (4 )  although he was unaware o f  t h e  p o t e n t i a l  o f  bas i c  
c a t a l y s t  so lu t ions.  The pressur ized water system f i nds  i t s  advantage i n  a k i n e t i c  
e f f e c t  due t o  pressure as we l l  as a s h i f t  i n  product  composit ion due t o  t h e  l a r g e  
excess o f  water d r i v i n g  the  r e a c t i o n  t o  completion. The work o f  Yoneda e t  al.  (5) 
dur ing World War I1 es tab l i shed  the concept o f  us ing an aqueous s o l u t i o n  o f  metal 
carbonate as a c a t a l y s t  f o r  the water-gas s h i f t  react ion.  This  work inc luded a 
comparative study o f  a l a r g e  number o f  t r a n s i t i o n  metals; however, potassium was 
t h e  only a l k a l i  metal tested. The a p p l i c a t i o n  o f  t h i s  mechanism i n  a process 
scheme was r e c e n t l y  examined (6). 

PROCESS DESCRIPTION 

The study o f  c a t a l y s t s  f o r  t h i s  r e a c t i o n  has focused p r i m a r i l y  on heteroge- 

The low-temperature c a t a l y s t s  are p a r t i c u l a r l y  suscep t ib le  t o  
More 

The water-gas s h i f t  concept being developed a t  P a c i f i c  Northwest Laboratory 
i s  a continuous process i n  which raw product  gas i s  contacted with an aqueous cat -  
a l y s t  system i n  the temperature range o f  250 t o  35OOC and a t  pressures from 500 t o  
2500 psig. The c a t a l y s t  o f  choice i s  sodium carbonate a t  a concen t ra t i on  o f  6% i n  
water, b u t  any ma te r ia l  which can generate hydroxide ions a t  the process condi- 
t i o n s  w i l l  e f f e c t i v e l y  ca ta l yze  the r e a c t i o n  ( 7 ) .  
conducted under sponsorship o f  the Gas Research I n s t i t u t e  (8)  has demonstrated the 
chemistry o f  t h e  concept and has substant ia ted t h a t  t he  reac t i on  r a t e s  o f  the 
experiments v a r i e d  depending upon c a t a l y s t  concentrat ion,  temperature and pres- 
sure. Based on these r a t e s  it i s  apparent t h a t  usefu l  water-gas s h i f t  conversion 
can be ob ta ined  w i t h  the aqueous system and t h a t  the requ i red  gas con tac t i ng  t ime 
i s  i n  the range of minutes depending on the ex ten t  o f  s h i f t  r e a c t i o n  requi red.  
These batch s tud ies  proved t h a t  a simple system o f  c i r c u l a t i n g  the reac tan t  gas 

Prev ious batch scale research 

I 

*Operated by B a t t e l  l e  Memorial I n s t i t u t e .  
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through an aqueous pool o f  c a t a l y s t  sealed i n  a h igh pressure autoclave can be 
used t o  study the reac t i on  chemistry o f  the concept. 

Current  research being funded by the  U.S. Department o f  Energy Morgantown 
Energy Technology Center i s  designed t o  demonstrate the  concept o f  continuous use 
o f  an aqueous c a t a l y s t  system f o r  conducting the water-gas s h i f t  reac t i on  and t o  
prove the i n i t i a l  engineer ing o f  continuous processing. 
designed to: 

Work i n  progress i s  

e s t a b l i s h  optimum operat ing condi t ions;  
determine pressure e f f e c t s  and l i m i t a t i o n s ;  
es tab l i sh  c a t a l y s t  l i f e t i m e s ;  
ob ta in  k i n e t i c  in format ion;  
determine H2S removal e f f i c i e n c i e s ;  
es tab l i sh  t a r  and o i l  removal/conversion e f f i c i e n c i e s ;  
determine c a t a l y s t  regenera t i on l recyc le  requirements and c a t a l y s t  costs ;  
es tab l i sh  e f f e c t  o f  gas residence t imes and concen t ra t i on  on conversion 
e f f i c i e n c i e s ;  
determine the  improvement t o  cu r ren t  technology; and 
es tab l i sh  cos t  savings/benefi ts. 

MECHANISM OF CONVERSION 

The chemistry o f  aqueous a l k a l i  cata lyzed water-gas s h i f t  conversion can be 
described as a c y c l i c a l  scheme as depic ted below. 

7 
The i o n i z a t i o n  o f  the carbonate c a t a l y s t  generates hydrox ide ions which r e a c t  i n  
t h e  presence of  carbon monoxide a t  t he  processing cond i t i ons  t o  produce formate 
ions. Two formate ions can then rearrange t o  formaldehyde and carbonate t o  com- 
p l e t e  the cycle. The r a p i d  decomposition o f  the formaldehyde r e s u l t s  i n  t h e  produc- 

\ t i o n  o f  hydrogen. We have described the  e l u c i d a t i o n  o f  t h i s  cyc le  p rev ious l y  (9). 

PROCESS ADVANTAGES 

Operation o f  the water-gas s h i f t  r e a c t i o n  i n  the  pressur ized aqueous system 
These advantages are r e l a t e d  t o  the chemical has several processing advantages. 

e q u i l i b r i u m  of the system, the range o f  c a t a l y s t s  which can be used, and improve- 
ments s p e c i f i c  t o  the i nco rpo ra t i on  o f  t h i s  type o f  water-gas s h i f t  process i n t o  a 
pressurized, coal ( o r  o ther  carbonaceous m a t e r i a l )  g a s i f i c a t i o n  system. 

- Equ i l i b r i um Considerations 

Thermodynamic s tud ies have shown t h a t  t he  water-gas s h i f t  reac t i on  i s  l i m i t e d  
by e q u i l i b r i u m  considerat ions a t  h igh  temperature and t h a t  the conversion o f  CO t o  
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C02 i s  n o t  complete. Th is  e q u i l i b r i u m  c o n d i t i o n  i s  t he  major impetus f o r  the  
development of a low-temperature water-gas s h i f t  ca ta l ys t .  The c u r r e n t  commercial 
water-gas s h i f t  processing technology u t i l i z e s  a two-step system wherein the  bulk 
of the reac t i on  occurs a t  h igh  temperature. The temperature i s  lower i n  the  sec- 
ond c a t a l y s t  bed t o  ob ta in  a m r e  favorab le  e q u i l i b r i u m  gas composition a t  t he  
e x i t  from the water-gas s h i f t  system. The aqueous a l k a l i  c a t a l y s t  system main- 
ta ins  t h i s  low temperature advantage because i t  e x h i b i t s  subs tan t ia l  a c t i v i t y  a t  
temperatures as low as 25OOC. The e f f e c t  o f  temperature on c a t a l y t i c  conversion 
o f  carbon monoxide by the  water-gas s h i f t  reac t i on  us ing  0.32M sodium carbonate 
aqueous c a t a l y s t  i s  dep ic ted  i n  F igure  1. The data shows the measurable a c t i v i t y  
begins i n  the  range of  200 t o  25OOC wh i le  very h igh  a c t i v i t y  i s  a t ta ined  a t  tem- 
peratures o f  35OOC and above. I n  add i t ion ,  the  use o f  t he  pressur ized  water sys- 
tem gives added d r i v i n g  f o r c e  t o  the  water-gas s h i f t  react ion.  The la rge  excess 
o f  water tends t o  push the  reac t i on  t o  complet ion i n  the  presence o f  the a l k a l i  
ca ta l ys t .  

Range o f  C a t a l y s t  Choice 

Cur ren t  water-gas s h i f t  processing requ i res  a h igh  temperature ca ta l ys t ,  usu- 
a l l y  a combinat ion o f  coba l t  and molybdenum oxides o r  i r o n  and chromium oxides on 
an alumina support, and/or a low temperature copper-z inc oxide c a t a l y s t  formula- 
t i on .  The l a t t e r  a re  s e n s i t i v e  t o  d e a c t i v a t i o n  by s u l f u r - c o n t a i n i n g  compounds. 
A l l  are orders o f  magnitude more expensive than the  water so lu t i on  o f  a l k a l i  car- 
bonate used i n  o u r  system. The recent  development o f  homogeneous organometal l ic  
ca ta l ys ts  a lso  ho lds  p o t e n t i a l  f o r  lower temperature operat ion w i t h  undetermined 
s e n s i t i v i t y  t o  gas contaminants. 

The mechanism presented i n  t h i s  paper f o r  our water-gas s h i f t  system shows 
t h a t  a wide range o f  p o t e n t i a l  ca ta l ys ts  e x i s t  which c o u l d  serve as c a t a l y s t  i n  
t h e  pressur ized  aqueous system. Essen t ia l l y ,  any compound which can generate 
hydroxide, formate o r  carbonate a t  the  reac t i on  c o n d i t i o n s  w i l l  e x h i b i t  c a t a l y t i c  
a c t i v i t y .  Resu l ts  o f  our experiments have demonstrated t h a t  even ammonia gas or 
amnonium hydroxide o r  carbonate can a c t  as a c a t a l y s t  i n  the pressur ized aqueous 
system (10). 

gas s h i f t  c a t a l y s t  a c t i v i t y  i n  the  o n e - l i t e r  ba tch  system. Group 1 cons is ts  o f  
h igh  t o  medium a c t i v i t y  metal carbonates wh i le  Group 2 i s  a l i s t i n g  o f  very low 
a c t i v i t y  carbonate c a t a l y s t s  (most ly a l k a l i n e  earths).  Group 3 i s  a l i s t  o f  some 
of the most a c t i v e  ca ta l ys ts  (on a equimolar bas is )  tested. Group 4 cons is ts  of 
medium a c t i v i t y  c a t a l y s t s  w h i l e  Group 5 cons is t s  o f  low a c t i v i t y  ca ta lys ts .  I n  
t h i s  rank ing  o f  high, medium, and low a c t i v i t y ,  sodium carbonate a t  0.32M i s  used 

Table 1 presents  some o f  the many chemicals which have been tes ted  f o r  water- 

Table 1. Aqueous Cata lys ts  f o r  the  Water-Gas S h i f t  React ion 

H igh  t o  Medium 
Group 1 

Carbonates of :  
n i cke l  
cadmium 
potassium 
s od i  um 
s i l v e r  
1 i t h ium 
cesium 
copper 

Very Low 
Group 2 

Carbonates of :  
bar ium 
z i n c  
magnesi um 
s t r o n t i  um 
ca lc ium 

High 
Group 3 

Na3 c i t r a t e  
Na o x a l a t e  
Na6 o x a l a t e  
K t a r t r a t e  
Kba t a r t r a t e  
K2 o x a l a t e  
K quadroxalate 

Medium 
Group 4 

Na aceta te  
NaH carbonate 
KH t a r t r a t e  
KH carbonate 
NaH c i t r a t e  
Na %ormate 
Na hydroxide 
Na ketomalonate 

Low 
Group 5 

sodium s a l t s  of: 
g lyoxa la te  
phenolate 
pyruvate 
malonate 
prop ionate  
maleate 
benzoate 
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as the d i v i d i n g  p o i n t  between h igh and medium a c t i v i t y  w h i l e  sodium carbonate a t  
0.16M concentrat ion serves as the  d i v i d i n g  p o i n t  between medium and low a c t i v i t y .  
Very low a c t i v i t y  i s  equ iva len t  t o  sodium carbonate a t  50.03M concentrat ion.  F i g -  
ure 2 shows the e f f e c t  o f  sodium carbonate concen t ra t i on  on c a t a l y t i c  convers ion 
o f  carbon monoxide by the water-gas s h i f t  reac t i on  a t  300OC. 

p o t e n t i a l  f o r  c a t a l y s t  sur face contamination o r  pore plugging. Deac t i va t i on  o f  
the c a t a l y s t  through chemical combination can be used t o  an advantage as a gas 
scrubbing system as discussed i n  the next  sect ion.  

The aqueous c a t a l y s t  system as used i n  a g a s - l i q u i d  con tac t i ng  scheme has no 

- Re la t i onsh ip  t o  Coal G a s i f i c a t i o n  Technology 

I n  a d d i t i o n  t o  i t s  pr imary func t i on  o f  a d j u s t i n g  the  He t o  CO r a t i o  i n  gas 
streams, the successful development o f  a s h i f t  conversion process based on the  use 
o f  an aqueous c a t a l y s t  system could have a s i g n i f i c a n t  impact on a number of gas 
processing streams associated w i t h  commercial coal g a s i f i c a t i o n .  Associated pro-  
cesses t h a t  are expected t o  be a f f e c t e d  o r  e l im ina ted  due t o  use o f  the concept 
i nc lude  gas quenching (gas l i q u o r  separation/gas coo l i ng ) ,  raw gas t r e a t i n g ,  s u l -  
f u r  removal, conventional s h i f t  conversion, and steam generation. 

It i s  env is ioned t h a t  the raw gas from the coal g a s i f i e r  can be f e d  d i r e c t l y  
i n  whole o r  i n  p a r t  t o  the  s h i f t  conversion system. The system i s  expected t o  
quench the gas as w e l l  as t r e a t  the raw gas. Laboratory data has demonstrated 
t h a t  the aqueous c a t a l y s t  system w i l l  cause t a r s  t o  be g a s i f i e d  i n  the  system and 
t h a t  the system w i l l  remove H2S from the gas stream. Use o f  the c a t a l y t i c  system 
should s i g n i f i c a n t l y  reduce costs  o f  raw gas t r e a t i n g  and favo rab ly  impact a c i d  
gas removal costs. The t o t a l  ex ten t  o f  H S removal has n o t  been es tab l i shed  as 
ye t ,  b u t  i s  expected t o  be s i g n i f i c a n t  an3 an impor tant  cons ide ra t i on  o f  the pro- 
cess concept. 

The use of  a cheap mate r ia l  lNa2C03) i n  approximately a s i x  percent  s o l u t i o n  
w i l l  be economical ly f avo rab le  over conventional supported s h i f t  ca ta l ys ts ;  i t  i s  
a l so  expect t o  be l e s s  suscept ib le  t o  deac t i va t i ng  forces. Steam requirements are 
expected t o  be s i g n i f i c a n t l y  lower f o r  t he  advanced system s ince  the  sens ib le  hea t  
o f  the raw gas l e a v i n g  the  g a s i f i e r s  should supply the requ i red  heat  f o r  the pro- 
cess. I n  addi t ion,  ammonia i s  s t r i p p e d  by the  system and ammonium compounds have 
a l so  been shown t o  be e x c e l l e n t  s h i f t  c a t a l y s t s  i n  the  system. 
ammonia i s  generated as a by-product o f  many coal g a s i f i c a t i o n  processes and i s  
t h e r e f o r e  p o t e n t i a l l y  a source o f  an exce l l en t ,  ava i l ab le ,  cheap ca ta l ys t .  

It i s  impossib le  a t  t h i s  p o i n t  i n  process development t o  q u a n t i f y  t he  eco- 
nomic advantage o f  t he  advanced s h i f t  conversion system. 
from the  previous d iscuss ion t h a t  t he  process concept has p o t e n t i a l  t o  s i g n i f i -  
c a n t l y  impact commercial coal g a s i f i c a t i o n  technology. Key impacts r e s u l t i n g  from 
the use o f  t h i s  system are env is ioned t o  be: 

I n  add i t i on ,  

However, i t  i s  obvious 

establ ishment o f  an improved water-gas s h i f t  conversion system; 
reduced gas c o o l i n g  and gas l i q u o r  separat ion costs ;  

0 increased carbon u t i l i z a t i o n  by f u r t h e r  g a s i f i c a t i o n  o f  t a rs ;  

0 
o 

reduced cos t  o f  by-product recovery by removal o f  ammonia and phenols f rom 
the gas stream; 
reduced ac id  gas treatment cos t  by s i g n i f i c a n t  H2S removal; and 
reduced steam generat ion cos t  due t o  u t i l i z a t i o n  o f  t he  sens ib le  heat  o f  t h e  
raw gas. 
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CONTINUOUS EXPERIMENTAL SYSTEM 

I n  order  t o  advance the  concept o f  aqueous water-gas s h i f t  conversion a 
bench-scale continuous r e a c t o r  system was developed. The system which i s  shown i n  
F igu re  3 i s  assembled around a one- l i t e r ,  high-pressure autoclave. An a i r  dr iven 
gas compressor i s  used t o  c i r c u l a t e  the reac tan t  gas through a rotameter f o r  gas 
f l o w  measurement and i n t o  the reactor. The product gas e x i t s  the reac to r  through 
the primary condenser. A back-pressure r e g u l a t o r  i s  employed t o  drop the product 
gas pressure t o  near atmospheric. The product gas then f lows through a secondary 
condenser, gas volume meter, and gas chromatograph sampling loop. 
water temperatures and f l ows  are monitored t o  prov ide data f o r  an energy balance 
around the r e a c t o r  system. The c a r e f u l  mon i to r i ng  o f  gas f l ows  and composit ion, 
as wel l  as the  c a t a l y t i c  s o l u t i o n  composition, prov ide the needed i n p u t  f o r  mass 
balance ca l  c u l  a t i  ons. 

The coo l i ng  

Ins ide  the reactor ,  t he  gas enters  near the bottom of the c a t a l y s t  pool from 
the  end o f  a d i p  tube. The gas bubbles up through the c a t a l y s t  pool and en te rs  
t h e  s t i r r e r  s h a f t  a t  an opening near the top o f  t he  reac to r  cav i ty .  A t  t h i s  
po in t ,  the gas can proceed through the ho l l ow  s t i r r e r  s h a f t  t o  the bottom o f  the 
c a t a l y s t  pool and i s  discharged by the t u r b i n e  i m p e l l e r  i n t o  the c a t a l y s t  s o l u t i o n  
( t h e  t u r b i n e  a c t u a l l y  generates the pressure d i f f e r e n t i a l  which draws the gas 
through the hol low s t i r r e r  s h a f t  t o  s h a f t  bottom o u t l e t ) .  A l te rna te l y ,  t he  gas 
can proceed o u t  o f  t he  r e a c t o r  a f t e r  e n t e r i n g  the s t i r r e r  s h a f t  by proceeding up- 
ward through the  pr imary condenser which cools  the gas stream and re tu rns  the 
vapor ized water  which has been condensed t o  the c a t a l y s t  pool. The t u r b i n e  
i m p e l l e r  has a dual importance i n  the reac to r  system as i t  provides the requ i red  
mix ing o f  gas and l i q u i d  phases, and serves t o  "pump" the gas down i n t o  the  l i q u i d  
bath t o  increase t h e  g a s / l i q u i d  contacting. 
recen t l y  demonstrated as an e f f e c t i v e  g a s / l i q u i d  con tac to r  (11). 

t i o n  i s  determined on both the i n l e t  and o u t l e t  streams. The f l o w  c o n t r o l  i s  pro- 
v ided  by r e g u l a t i n g  valves which vary the a i r  f l ow  t o  the a i r - d r i v e n  compressor. 
A pressure r e g u l a t o r  con t ro l s  the feed gas pressure on the s u c t i o n  s ide  o f  the  
compressor. I n  add i t i on ,  regu la t i ng  needle valves are used t o  vary the f l o w  a f t e r  
i t  e x i t s  the compressor. 
pressure regulator .  

Results o f  i n i t i a l  shakedown and k i n e t i c  t e s t s  w i l l  be presented. 

Th is  type o f  reac to r  system has been 

The gas composi- Gas f l o w  i s  moni tored as both i n l e t  and o u t l e t  gas volume. 

The pressure i n  the reac to r  i s  l i m i t e d  by the back- 

The o n e - l i t e r  continuous reac to r  system was p u t  i n  operat ion i n  June 1984. 

CONCLUSION 

A new c a t a l y t i c  gas processing system i s  being used t o  perform the water-gas 
s h i f t  r e a c t i o n  w i t h  a pressur ized aqueous c a t a l y s t  s o l u t i o n  a t  low temperature. 
The chemistry o f  t h e  system has been documented us ing batch reac to r  t e s t s  and con- 
t inuous gas process ing i s  now being s tud ied  i n  a bench sca le  apparatus. The new 
process has numerous advantages over conventional s h i f t  technology which make i t  
i n t r i n s i c a l l y  compat ib le  w i t h  advanced g a s i f i c a t i o n  systems which operate pressur- 
i z e d  reactors. 
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Figure 3. Continuous water-gas s h i f t  conversion reac to r  system. 
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